Hydraulic stomach flushing was an effective method to analyze relative food consumption and feeding habits of young salmonids. Coho salmon (Oncorhynchus kisatch) stomachs were most effectively flushed -99% of invertebrate or ganisms (96% of weight of stomach contents); 92% of organisms (83% of weight) were flushed from cutthroat trout (Salmo clarki) stomachs, 90% of organisms (77% of wei ght) were flushed from rainbow trout (S. gairdneri) stomachs. Stomach flushing did not affect survival of juvenile coho salmon. A significant difference in change in mean condition factor between wild and hatchery fish was found after 30 d (greater change in wild fish), and a significant change was observed between the mean condition factors of control and treated hatchery fish. No difference was found between control and treated wild fish. STUDIES of the food and feeding habits of fish are important in the study of aquatic ecosystems. Heretofore, food habit studies have required that many fish be killed for stomach removal and examination. In small streams with low fish populations, the removal of a few fish can seriously deplete the population. Thus, several methods have been developed to remove stomach contents without injuring the fish. These include (1) pressing on the stomach after a rigid tube has been inserted (White 1930) , (2) injecting emetics (Markus 1932) . (3) gastroscope viewing (Dubets 1954) , (4) tube flushing (Seaburg 1957) . (5) inserting forceps (Wales 1962) , (6) back flushing intestines and stomach by placement of a pressure tube into the vent (Baker and Fraser 1976) , and (7) syringe flushing (Aho 1976) . In this study a syringe flushing technique (Aho 1976) was used for examination of stomach contents of three salmonids: coho salmon, Oncorhynchus kisutch; cutthroat trout. Salmo clarki; and rainbow (steelhead) trout, S. gairdneri. We used this technique during the past 3 yr and found it to be reasonably harmless to fish, This paper addresses the following questions: (1) How are contents flushed from the fish stomachs correlated with total contents? (2) Are certain food items more likely to be flushed? (3) Is there a difference in food recovery between sizes, species, or stocks of fish? (4) How does handling affect survival and condition?
Methods -Effectiveness of stomach flushing -With a portable, battery-powered electroshocker, 51 juvenile rainbow trout, 51 cutthroat trout, and 53 young coho salmon were collected. The rainbow were collected from Canyon Creek, central Oregon, on July 29, 1975; cutthroat and coho were taken from Green River, a coastal stream in the Siuslaw National Forest, on August 1, 1975. Fish of a given species were collected in less than 2 h. They were then anesthetized with MS-2228, measured (fork length in millimetres), and the stomach contents were flushed into 56.7-g (2-ounce) collecting jars.
Printed in Canada (J5088) Imprime au Canada (J5088) Flushing was done by inserting a blunt 5.1-cm No. 18 hollow needle mounted on a 20-mL syringe filled with water through the mouth and esophagus into the cardiac stomach. When the water was forced into the stomach, the stomach contents were flushed back through the esophagus and mouth and via a funnel into the collecting jar. Usually one 20-mL injection was sufficient to flush out all the available contents, although larger fish sometimes required an additional injection. Care was taken to remove food items caught in the mouth. Before sealing collection jars, a 10% formalin solution and labels were added. Each fish was killed after stomach flushing and the stomach was removed and preserved in a second labeled collecting jar.
In the laboratory, food items flushed from the stomachs were identified (family or genus) and counted, and each total stomach sample was freeze-dried and weighed to the nearest 0.1 mg. Certain fragments such as head capsules represented one organism for numerical purposes; all fragments were included in sample weight. Food remaining in the preserved stomachs was handled identically. Regression analyses were run to establish relationships between (1) fish size and species and (2) amonnt of material flushed from stomachs. Covariance analysis was used to compare slopes and intercepts.
Effects on survival and condition -Wild and hatchery coho salmon juveniles were used in this phase of the studs. Wild fish were collected from Green River in western Oregon; hatchery fish were obtained from the Oregon Department of Fish and Wildlife Hatchery on Fall Creek. Green River and Fall Creek are in the Alsea River drainage. All fish were collected by electroshocking, including those from the hatchery pond.
The fish were brought to the laboratory and held in separate large holding tanks for 3 d. During this time and throughout the experiment, they were fed 1.6-mm Oregon Pellets. Treatments at the beginning of the experiment consisted of electroshocking, measuring (fork length in millimetres), weighing (nearest 0.1 g), and finclipping all fish (treatment 1). Additional treatments were anesthetizing (treatment 2), and anesthetizing and stomach flushim: (treatment 3). Control fish (treatment 1) were not additionally treated.
Three wild fish of each treatment (nine total) were placed into each of 10 glass jars (18-L). Each jar was individuall:-aerated and supplied with fresh water. Hatchery fish wer.: similarly arrayed in an adjacent unit of 10 jars. The conditions in all jars were identical. Individual fish within each jar were identified by utilizing combinations of adipose, dorsal, upper, and lower caudal finclips. A total of 90 hatchery and 90 wild fish were used; mean lengths were 67.3 and 68.3 mm, respectively. Fish that died during this study were removed as soon as possible from the jars. After 30 d the surviving fish were again measured and weighed. Differences in survival and condition were tested by analysis of variance. Condition factor (K), a measure of relative robustness, was calculated as
where K is the condition factor, W is wet weight of fish in grams, and L is fork length of fish in millimetres.
Results and discussion E/Jectiveness of stomach flushing -Flushing the 155 salmonid stomachs yielded a total of 2233 invertebrate organisms or 93% of the total number of prey (flushed and remaining) in the stomachs (Table 1 ). The total weight of stomach contents flushed from the three fish species was 5871 g or Flo. I. Fish length vs. percent of material by weight flushed from stomachs of rainbow trout. 85% of the total weight of contents (flushed and remaining).
Examination of several specimens revealed that the pyloris of rainbow trout was longer and the diameter of the esophagus smaller in relationship to stomach size than in the other two species. These differences could inhibit the force of hydraulic current in the posterior stomach and decrease passage of contents out through the esophagus. Coho salmon were the smallest .fish studied, cutthroat trout were intermediate, and rainbow trout were the largest. Food items found in the rainbow trout stomachs included more larger prey, such as small crayfish (Astacus sp.). sculpins (Coccus sp.), large stoneflies (e.g. Acroneuria sp), and large cased caddisflies such as Dicosmoecus sp. These larger, more rigid forms were much more difficult to flush from the stomachs; as a result, the percentage of material flushed from stomachs of the larger rainbows was smaller than that flushed from cutthroat and coho stomachs. Conversely, food items found in coho stomachs were much smaller and more pliable (e.g. Diptcra larvae and Ephemeroptera nymphs) and were not as likely to become lodged in the stomach or esophagus.
Despite removal of caddisfly (Trichoptera) cases, snail shells, stones, and large wood pieces prior to weighing, much of the freeze-dried and weighed material in the stomachs of the three fish species was nondigestable matter. Small sand and wood particles, skeletons of hard-bodied insects, and densely packed sclerites from fully digested arthropods made up the bulk of the stomach contents. These fragments and partially digested material are densely compacted in the pyloris in preparation for passage through the intestine. As fish become larger and the muscle mass of the stomach increases, dislodgement of the contents from the pyloric stomach becomes more difficult.
A regression analysis of fish length vs. percent by weight of stomach contents flushed from rainbow trout (Fig. 1) may be due to a higher percentage of fish havin g stomachs totally flushed (74 and 43%, respectively, compared to 25% for rainbow trout) and a preponderance of smaller fish (mean fork length 65 and 113 mm, respectively, compared to 139 nun for rainbow trout). These data are generally consistent with those obtained by Aho (1976) for cutthroat trout. When data for the three fish species are combined, it appears that as fish size increases, the percent of material that is flushed from the stomach decreases (Fig.  2) . This may be somewhat influenced, as mentioned earlier, by slight anatomical differences in the stomach and esophagus among the three species or by differences in the consistency of food items taken by each species.
Effects on survival and condition -Seventy-six (84%) of the hatchery fish and 7S (87% ) of the wild fish survived the experiment. There was no significant difference in survival in either group between treated and control fish after 30 d (Table 2) . Aho (1976) obtained similar results with cutthroat trout. Electroshockin g . which causes severe trauma (Edwards and Higgins 1973) , was probably the major cause of mortality, although measurin g . wei g hing. and finclipping probably caused additional stress.
A significant difference in change in condition factor < .01) during the study was found between hatchery and wild fish when all treatments were considered to- July I, 1975) . Treatment 1 -electroshocked; treatment 2 -electroshocked and anesthetized; treatment 3 --electroshocked, anesthetized, and stomachflushed.
gether. The mean body condition of hatchery fish was poorer initially, but was less affected by treatment than that of wild fish. There was a significant difference (P < .05) in change in body condition between control and treated hatchery fish (Fig. 3) . Mean condition factor was reduced to 96% (treatment 2) and 97% (treatment 3) of mean condition at the beginning of the experiment in the two treated groups; condition factor of control fish (treatment 1) was 103% of the original condition. No difference was found in change in body condition between control and treated wild fish. Considering the drastic change from their natural diet, i.e. from live invertebrates to Oregon Pellets, it is not surprising that they would do poorly. Any treatment differences that might have occurred would probably have been masked by effects of diet change. Alto, R. S. 1976 . A population study of the cutthroat trout in an unshaded and shaded section of stream. M.S. Thesis. Oregon State Univ., Corvallis, Oreg. 87 p.
